Glial activation has recently been discovered to modulate several effects of morphine, including analgesia, tolerance, and dependence. The present studies extend this line of investigation by exploring whether glial activation may also affect extracellular levels of dopamine (DA) in the nucleus accumbens (NAc) shell, a neurochemical corollary of morphine-induced drug reward, during a challenge dose of morphine in experiments both with and without precipitated withdrawal. Morphine or vehicle was administered s.c. for 4 days (starting at 15 mg/kg/day up to 20 mg/kg/day), and the glial activation inhibitor AV411 (7.5 mg/kg) or vehicle was administered twice daily. A challenge dose of morphine (22.5 mg/kg) or saline was then given during dialysis. In the first experiment, naloxone (10 mg/kg) was administered 1 h after morphine during dialysis in AV411-or vehicle-treated rats, and behavioral signs of somatic withdrawal were assessed during microdialysis. In the second experiment, using the same dosing regimen, sampling continued 3 h after morphine or saline in AV411-or vehicle-treated rats. NAc DA increased in vehicletreated rats significantly more than in AV411-treated rats before naloxone treatment, and withdrawal symptoms were significantly reduced in AV411-treated rats. The decrease in morphine-induced NAc DA by AV411 was persistent, lasting 3+ h post-morphine. These results indicate that glial activation contributes to the effects of morphine on NAc DA, which is associated with somatic signs of precipitated withdrawal.
Introduction
Opioids, including morphine, are critical for pain management but are highly rewarding and for some individuals their use can lead to a lifelong cycle of addiction, withdrawal, and relapse. Opioid abuse is an increasing problem worldwide and the reinforcing effects of opioid analgesics makes them susceptible to diversion and illicit use and abuse (Compton and Volkow, 2006) . Although the traditional view of opioid actions is that they are neurallymediated, recent research has suggested an important modulatory role for glia (astrocytes and microglia) in opioid actions, particularly in the areas of analgesia, tolerance, and dependence (Hutchinson et al., 2007) . Moreover, glia may be involved in reward. A key finding in this regard was that of Narita et al. (2006) who demonstrated that microinjection of astrocyte conditioned media in the anterior cingulate cortex and the nucleus accumbens (NAc), but not the caudate putamen, enhanced morphine conditioned place preference (CPP), a well characterized measure of the motivational effects of various drugs (Tzschentke, 2007) .
The importance of both microglia (Banati, 2002) and astrocytes (Araque et al., 1999) in modulating plasticity has been increasingly appreciated and current thinking about addiction embraces the notion of addiction as a form of experience-dependent plasticity (Hyman et al., 2006) . Work in our laboratory has shown that a repeated, escalating regimen of morphine induces the activation of both microglia and astrocytes in regions associated with reward including the ventral tegmental area (VTA), prefrontal cortex, and NAc (Hutchinson et al., 2007) . Furthermore, the morphine-induced activation of both microglia and astrocytes that was observed in the VTA, the source of dopamine (DA) cells that project to the prefrontal cortex and NAc, was potently inhibited by the coadministration with morphine of the glial activation inhibitor AV411 (ibudilast) (Hutchinson et al., 2007) . Moreover, AV411 also reduced somatic signs of precipitated withdrawal using the same dosing regimen (Ledeboer et al., 2007) . AV411 is a blood-brain barrier permeable nonspecific phosphodiesterase (PDE) inhibitor that has been used in Japan for asthma and post-stroke dizziness (Ledeboer et al., 2007) and may be an effective treatment for addiction if reward processes are attenuated. Activated glia release excitatory substances including proinflammatory cytokines (Streit et al., 1999) , nitric oxide (NO) (Sparrow, 1994) 
